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(57) An insulating ceramic Includes a fired mixture of a MgO-MgAl204 ceramic and a borosilicate glass, in 
which MgAl204 crystal phase and at least one of Mg3B206 crystal phase and Mg2B205 crystal phase are the 
major crystal phases. The insulating ceramic can be obtained by firing at low temperatures of 1000*0 or less, 
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suitable for use at high frequencies. 

The MgO - MgA!204 ceramic and borosilicate glass may be in a weight ratio of 20:80 to 80:20. 
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rNSULATING CERAMIC. MULTILAYER CERAMIC 
SUBSTRATE. CERAMIC ELECTRONIC PARTS AND 
T AMFNATED CERAMIC ELECTRONIC PARTS 

BACKGROUND OF THE rNVENTION ^ 

1 . Field of the Invention 

The present invention relates to an insulating ceramic for use in, for example, 
multilayer circuit boards. Specifically, the present invention relates to a high- 
frequency insulating ceramic which is advantageously used in, for example, composite 
multilayer circuit boards equipped with semiconductor devices and various electronic 
parts and which can be obtained by firing in conjunction with conductive materials 
such as copper and silver, as well as to a multilayer ceramic substrate, a ceramic 
electronic part, and a laminated ceramic electronic part each using the insulating 
ceramic. 

2. Description of the Related Art 

Recent tendencies to accelerate the use of electronic equipment in higher 
frequencies keep on expanding. With such demands for the accelerating, higher- 
density mounting and higher-density packing of electronic parts which are used in 
such electronic equipment are still increasing- To satisfy these demands, multilayer 
circuit boards are conventionally used as substrates on which semiconductor devices 
and various electronic parts are mounted. In such a multilayer circuit board, the 
substrate houses a conductor circuit and an electronic part functional device to thereby 
further miniaturize electronic equipment. 

Alumina has been conventionally frequently used as a material for constituting 
the multilayer circuit board. 

Alumina has a relatively high firing temperature of 1500°C to 1600°C, and 
refractory metals such as Mo, Mo-Mn. and W must be generally used as materials for 
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conductive circuits housed in such a multilayer circuit board composed of alumina. 
However, these refractory metals have a high electric resistance. 

Strong demands have been therefore made for the use of a metal such as 
copper as a conductive materiah which metal has a lower electric resistance and is 
available at a lower cost than the refractoi^' metals. To use copper as a conductive 
material, the use of a glass ceramic or cr>-stallized glass which can be obtained by 
firing at low temperatures of i 000°C or less has been proposed (e.g., Japanese 
Unexamined Patent Application Publication No. 5-238774). 

However, such known substrate materials which can be obtained by firing at 
low temperatures have a low mechanical strength and a low Q-value. and the firing 
process tends to affect the type and proportion of deposited crystal phases of such 
materials. 

SUMMARY OF THE fNVENTION 

Accordingly, it is an object of the present invention to provide an insulating 
ceramic which can solve the problems of the conventional technologies, can be 
obtained by firing at low temperatures, can be obtained by firing in conjunction with 
conductive materials having relatively low melting points such as silver and copper, 
has satisfactory mechanical strength and a high Q-value, and is insensitive to the type 
and proportion of deposited crystal phases. 

Another object of the present invention is to provide a multilayer ceramic 
substrate, a ceramic electronic part and a laminated ceramic electronic part, each of 
which is composed of the insulating ceramic, which has satisfactory mechanical 
strength and a high Q-value. and is insensitive to the type and proportion of deposited 
crystal phases. 

After intensive investigations to solve the above problems, the present 
inventors found that the deposition of MgAl304 ci^'stal phase and MgjBzOs crystal 
phase and/or MgjBjOs crystal phase as major crystal phases can yield a higher Q- 
value and a higher reliability. This is because the deposition of MgjB^Og crystal 



phase and/or Mg^B^O.. ciystal phase as major cr>-stal phases in addition to MgAUOa 
crystal phase stabilizes boron in the glass to thereby improve reliability and 
sinterability. The present invention has been accomplished based on these findings. 

Specifically, the present invention provides, in a broad aspect, an insulating 
ceramic including a fired mixture of a MgO-MgAbO^ ceramic and a borosilicate 
glass, m which MgAh04 cr/stal phase and at least one of Mg3B,06 cr>'Stal phase and 
Mg2B,05 crystal phase are deposited as major crystal phases. In this context, "major" 
means that of the phases present, the MgAl.O^ cn stal phase and the Mg3B206 and/or 
MgaBjO? crystal phase are present in the greatest amounts. 

The borosilicate glass for use in the present invention preferably includes 
boron oxide, silicon oxide, magnesium oxide and an alkali metal oxide. The 
combination use of MgO-MgAl204 with a glass composition including at least boron 
oxide {B.Oyh silicon oxide (SiO,), magnesium oxide (MgO) and an alkali metal oxide 
(e.g., NazO. K2O or Li.O) allows the MgAhOa cr>'stal phase and MgjB.Oe crystal 
phase and/or Mg2B,05 crystal phase to deposit as major cr> stal phases to thereby yield 
a high Q-value. 

In this case, the borosilicate glass preferably includes about 15 to 65% by 
weight of boron oxide in terms of B2O3. about 8 to 50% by weight of silicon oxide in 
terms of SiOi, about 1 0 to 45% by weight of magnesium oxide in terms of MgO and 0 
to about 20% by weight of an alkali metal oxide in terms of R2O, wherein R is an 
alkali metal. 

If the content of boron oxide in borosilicate glass is less than about 1 5% by 
weight in terms of B2O3, the ratio of boron oxide to MgO in the system is low, 
resulting in decreased deposition of the MgjBzOe crystal phase and/or MgzB.Os 
crystal phase. A high reliability and a satisfactory sinterability may not be obtained. 

On the contrary, if the content of boron oxide is more than about 65% by 
weight, the moisture resistance of the glass may be deteriorated. 
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If the content of silicon oxide in the glass is less than about 8% by weight in 
terms of SiO,, the chemical stability of the glass may be deteriorated, and if it exceeds 
about 50% by weight, the resulting glass may have an increased fusing temperature or 
a deteriorated sinterability. 

A magnesium oxide content in the glass of less than about 10% by weight in 
terms of MgO may retard crystallization, and a content of more than about 45% by 
weight may cause cn'staliization in the manufacture of the glass to thereby deteriorate 
sinterability. 

The alkali metal o.xide in the glass acts to decrease the fusing temperature of 
the glass. However, a content of the alkali metal oxide exceeding about 20% by 
weight may decrease Q-value. 

The Mg.,B,Or, or iVlg2B:05 crystal phase can be selectively deposited by 
appropriately adjusting the ratio of magnesium oxide to boron oxide in the system in 
the present invention. Specifically, the Mg^B.O, cr> stai phase can be deposited when 
magnesium oxide (MgO) ,s excess such that the molar ratio of MgO to B3O3 is more 
than about 3:1 . 

To the contrar)-. the Mg^B^O., cn/stal phase can be deposited when B2O3 is 
excess such that the molar ratio of MgO to.B,0., is less than about 3:1. 

When the molar ratio of MgO to B,0, is in the vicinity of 3:1, both the 
MgjBjOft and MgjBaOj crv'stal phases are deposited. 

The borosilicate glass preferably further includes 0 to about 20% by weight of 
aluminium oxide. The addition of aluminium oxide enliances chemical stability of the 
glass. However, if the content of aluminium oxide exceeds about 20% by weight, a 
sufficient sinterability may not be obtained. 

Preferably, the borosilicate glass funher includes about 30% by weight or less 
of zinc oxide. The addition of zinc oxide (ZnO) in the above proportion decreases the 
fusing temperature of the glass, and the insulating ceramic can be obtained by firing at 
lower temperatures. A content of zinc oxide exceeding about 30% by weight may 
deteriorate the chemical stability of the glass. 



Preferably, the borosilicate glass further includes 0 to about 10% by weight of 
copper oxide. The addition of copper oxide (CuO) yields the insulating ceramic by 
firing at lower temperatures. A content of copper oxide exceeding about 10% by 
weight may result in a decreased Q-value. 

The weight ratio of the MgO-MgAbO* ceramic to the borosilicate glass is 
preferably in a range from about 20:80 to 80:20. A content of the ceramic less than 
about 20% by weight tends to decrease Q-value. If the content exceeds about 80% by 
weight, the resulting insulating ceramic may not become sufficiently dense by firing at 
temperatures of 900°C to 1000°C. 

The MgO-MgAl.Oj ceramic is preferably represented by xMgO-yMgAl204 
where x and y are indicated by weight ratio and satisfy the following conditions: 
10<x<90: I0<y<90: and x+y=l00. 

The weight percentage of MgO, x, is specified in a range from about 10 to 90. 
This is because x exceeding about 90 may invite a problem in moisture resistance of 
MgO. 

If X is less than about 10. a large quantity of an expensive glass may be added 
for firing at temperatures of 1000°C or less. 

In the sintered ceramic, about 5 to 80% by weight of MgAbOa crystal phase, 
and about 5 to 70% by weight of MgiBjOe crystal phase and/or Mg2B205 crystal 
phase are preferably deposited. Contents within the above ranges can yield high 
reliability, satisfactory sinterability, sufficient mechanical strength and a high Q value. 
A content of MgAl204 crystal phase less than about 5% by weight may deteriorate the 
strengths of the insulating ceramic. If it exceeds about 80% by weight, the resulting 
ceramic may not become dense by firing at temperatures of 1 000°C or less. 
If the content of the Mg3B206 crystal phase and/or Mg2B205 crystal phase is less than 
about 5% by weight, a reaction between magnesium oxide (MgO) and boron oxide 
(B2O3) may not sufficiently proceed, resulting in deteriorated sinterability and 
reliability and decreased Q-value. To deposit the MgiB.O, cr>stal phase and/or 
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Mg.BjO. co'stal phase more than about 70% by weight, a large quantity of an 
expensive glass must be added to thereby increase cost. 

In the present invention, a mixture obtained by calcining a glass composition 
at temperatures of about 700°C to ]000°C may be employed as the glass. 

The resulting insulating ceramic according to the present invention;preferably 
has a Q-value of 400 or more as determined at a frequency of 10 GHz. If the 
insulating ceramic has a Q-value of 400 or more at 1 0 GHz, the ceramic can be 
advantageously employed m circuit boards for use at high frequencies, for example at 
frequencies of 1 GHz or more. 

In another aspect, the present invention provides a multilayer ceramic substrate 
which includes a ceramic plate including an insulating ceramic layer composed of the 
insulating ceramic, and a plurality of inner electrodes formed in the insulating ceramic 
layer of the ceramic plate. 

In the invented multilayer ceramic substrate, a second ceramic layer having a 
higher dielectric constant than the insulating ceramic layer may be laminated on at 
least one side of the insulating ceramic layer. 

The plurality of inner electrodes in the invented multilayer ceramic substrate 
may be laminated via at least part of the insulating ceramic layer to thereby constitute 
a laminated capacitor. 

Preferably, the plurality of inner electrodes include capacitor inner electrodes 
and coil conductors, and the capacitor inner electrodes being laminated with each 
other via at least part of the insulating ceramic layer, and the coil conductors being 
connected to each other to thereby constitute a laminated inductor. 

The present invention provides, in a further aspect, a ceramic electronic part 
which includes the multilayer ceramic substrate and at least one electronic part device 
which is mounted on the multilayer ceramic substrate and constitutes a circuit with the 
plurality of inner electrodes. 

SpeciHcally. the invented ceramic electronic part may further include a cap 
fixed on the multilayer ceramic substrate so as to surround the electronic part device. 



- 7 - 

A conductive cap is preferably used as the cap. 

The invented ceramic electronic part preferably further includes a plurality of 
outer electrodes only formed on the underside of the multilayer ceramic substrate, and 
a plurality of through-hole conductors which are electrically connected to the outer 
electrode and electrically connected to an inner electrode or the electronic part device. 

In yet another aspect, the present invention provides a laminated ceramic 
electronic part which includes a sintered ceramic composed of the insulating ceramic, 
a plurality of inner electrodes arrayed inside the sintered ceramic, and a plurality of 
outer electrodes which is formed on an outer surface of the sintered ceramic and 
electrically connected to any of the inner electrodes. 

The plurality of inner electrodes may be arrayed so as to overlap with each 
other via a ceramic layer to thereby constitute a capacitor unit in a specific 
embodiment of the invented laminated ceramic electronic part. 

Preferably, the plurality of inner electrodes in the invented laminated ceramic 
electronic part further includes a plurality of coil conductors connected to each other 
to thereby constitute a laminated inductor unit, in addition to the inner electrodes 
constituting the capacitor unit. 
BRIEF DESCRIPTION O F THF DRAWINGS 

Fig. 1 is a diagram showing the XRD spectrum of insulating ceramic sample 
number 1 1 as an e.Kample of the present invention; 

Fig. 2 is a diagram showing the XRD spectrum of insulating ceramic sample 
number 14 as another example of the present invention; 

Fig. 3 is a longitudinally sectional view showing a laminated ceramic module 
as a ceramic electronic part using a multilayer ceramic substrate as an embodiment of 

the present invention; 

Fig. 4 is an exploded perspective view of the multilayer ceramic module of 

Fig. 3; . 
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Fig. 5 is an exploded perspective view showing ceramic green sheets and 
electrode patterns formed thereon for the manufacture of a laminated ceramic 
electronic part as a second embodiment of the present invention.; 

Fig. 6 is a perspective view showing a laminated ceramic electronic part as the 
second embodiment of the present invention: and - 

Fig. 7 is a diagram showing the circuitry of the laminated ceramic electronic 
part of Fig. 6. 

DESCRIPTION OF THE PREFERRED EiMBODlMENTS 

Initially, examples of the invented insulating ceramic will be described below, 
followed by configurational embodiments of the invented multilayer ceramic 
substrate, ceramic electronic pan and laminated ceramic electronic part, to illustrate 
tlie present invention in further detail. 

Starting material powders -Mg(OH)2 and .ANO.^ were weighed and mixed to 
yield ultimate sintered ceramics represented by the following compositional formula: 

xiVlgO-yMgAl.Oj 

wherein x and y are indicated by weight ratio and satisfy the following conditions: 

10<x<90: 10<Y<90; and \+y-100 

Each of the mixed powders was wet-mi.\ed for 16 hours and was dried, the 

resulting mixture was calcined at I400°C for 2 hours to yield a calcined compact, and 
the calcined compact was crushed to yield a ceramic composition. 

The above-prepared ceramic composition was weighed and was mixed with 
each of the glasses having a composition indicated in Table 1 in the amount indicated 
in Table 2. The resulting mixture was then granulated with an appropriate amount of 
a binder and was shaped at a pressure of 200 MPa to yield a cylindrical molding 12 
mm in diameter and 7 mm in thickness. The molding was fired at 900°C to lOOO^C in 
the air for 2 hours to thereby yield insulating ceramic samples. Relative dielectric 
constants and Q-values at 10 GHz of the samples were determined by a technique 
using a dielectric resonator. The results of these examples are shown in Table 2. 
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Separately, strip insulating ceramic samples were prepared and were subjected 
to a three-point bending test pursuant to Japanese Industrial Standards (JIS) C 2141 to 
evaluate bending strength. The sample according to Example 1 had a high strength of 
290 MPa. 

Each of the above-prepared insulating ceramics was subjected to powder x-ray 
diffractometr^' (XRD) to determine the presence of a MgAhOa crystal phase, 
Mg3B206 crystal phase and Mg^BjOj crystal phase. The results are shown in Table 2 
as crystal phases. 

In Table 2, symbols "KO", "SP". "SU". and "MG" respectively mean 
Mg5B206. MgAl204, Mg2B205 and MgO. 
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Figs. 1 and 2 are diffraction charts of insulating ceramics obtained as sample 
numbers 1 1 and 14. as typical examples of the XRD analyses. In Figs. 1 and 2, 
symbols "0'\ "A" and "X" respectively mean a peak derived from the MgAUO^ crystal 
phase, a peak derived from the MgjB^Oa cr>'stal phase and a peak derived from 
N4g2Bj05 crx'Stal phase. - ; 

Table 2 shows the following findings. Initially, when the MgAl204 cr>'stal 
phase, and the Mg3B206 and/or Mg2B205 cr>'Stal phase are deposited as major crystal 
phases, samples exhibiting a Q-value of 400 or more at 10 GHz can be obtained. 

.A higher Q-value can be obtained by restricting the alkaline earth metal in the 
borosilicate glass to Mg. 

further higher Q-value can be obtained when the borosilicate glass includes 
about 1 5 to 65% b\ w eight of boron oxide in terms of B^O;,. about 8 to 50% by weight 
of silicon oxide in terms of Si02, about 10 to 45% by weight of magnesium oxide in 
terms of MgO and 0 to about 20% by weight of an alkali metal oxide in terms of an 
oxide. 

When the borosilicate glass further comprises 0 to about 20% by weight of 
aluminium oxide, the resulting sample exhibits a high Q-value and an increased 
chemical stabilit\ of the glass, resulting in easier handling. 

When the borosilicate glass further comprises 0 to about 30% by weight of 
zinc oxide, the resulting sample exhibits a higher Q-value. 

A borosilicate glass further comprising 0 to about. 10%) by weight of copper 
oxide can yield a sample exhibiting a high Q-value and a satisfactory sinterability. 

On the contrar>\ in the sample number 30 comprising the glass in more than 
about 80% by weight, amorphous phases in the sintered ceramic are increased and 
neither SU nor KO are deposited, resulting in a decreased Q-value. 

In the sample number 31 comprising the glass less than 20% by weight, neither 
Mg3B206 nor Mg2B205 are deposited, and MgO constitutes a major cr>'stal phase. 
The resulting ceramic cannot therefore become sufficiently dense by firing at 
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temperatures of lOOO^'C or less and a high Q-value cannot be obtained. 

In the sample number 29 containing other glass than a borosilicate glass, the 
glass is chemically unstable and cannot be molded into a sheet. No test sample can be 
thus prepared. 

Next, configurational embodiments of the multilayer ceramic substrate, 
ceramic electronic part, and laminated ceramic electronic part using the invented 
insulating ceramic will be illustrated below. 

Fig. 3 is a sectional view showing a multilayer ceramic module as a ceramic 
electronic part including a multilayer ceramic substrate as an embodiment of the 
present invention, and Fig. 4 is an exploded perspective view- thereof. 

Multilayer ceramic module I is composed by the use multilayer ceramic 
substrate 2. 

Multilayer ceramic substrate 2 includes insulating ceramic layers 3a and 3b 
each composed of the invented insulating ceramic, and dielectric ceramic layer 4 
sandwiched betw^een insulating ceramic layers 3a and 3b. Dielectric ceramic layer 4 is 
composed of. for example, barium titanate with a glass and has a high dielectric 
constant. 

Inside dielectric ceramic layer 4, a plurality of inner electrodes 5 are arrayed so 
as to be adjacent to each other via part of dielectric ceramic layer 4, to thereby 
coristitutie laminated capacitor units C 1 and C2. 

Insulating ceramic layers 3a and 3b and dielectric ceramic layer 4 include a 
plurality of via hole electrodes 6 and 6a and inner wiring. 

Separately, electronic part devices 9 through 1 1 are mounted on a top face of 
the multilayer ceramic substrate. Semiconductor devices, chip-type laminated 
capacitors and other appropriate electronic part devices can be used as electronic part 
devices 9 through 1 1 . Via-hole electrode 6 and the inner wiring electrically connect 
electronic part devices 9 through 1 1 to capacitors CI and C2 to thereby constitute a 
circuit of the multilayer ceramic module 1 according to the present embodiment. 
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Conductive cap 8 is fixed on a lop face of multilayer ceramic substrate 2. 
Conductive cap 8 is electrically connected to via-hole electrode 6a which penetrates 
multilayer ceramic substrate 2 from top to bottom. Outer electrodes 7,7 are formed on 
an underside of multilayer ceramic substrate 2 and are electrically connected to via- 
hole electrodes 6 and 6a. Other outer electrodes, not shown in the figure, are only 
formed on the underside of multilayer ceramic substrate 2 and are electrically 
connected via the inner wiring to electronic part devices 9 through 1 1 and/or capacitor 
units CI and C2. 

The formation of outer electrodes 7 for the connection to outside on the 
underside alone of multilayer ceramic substrate 2 allows the surface mounting of 
laminated ceramic modules on. for example, printed circuit boards by use of the 
underside. 

According to the present embodiment, cap 8 is composed of a conductive 
material and is electrically connected via via-hole electrode 6a to outer electrode 7. to 
thereby electromagneticall> shield electronic part devices 9 through 11. However, cap 
8 IS not necessarily composed of a conductive material. 

Insulating ceramic layers 3a and 3b in multilayer ceramic module 1 according 
to the present embodiment include the invented insulating ceramic and therefore 
exhibit a low dielectric constant and a high Q-value. and a multilayer ceramic module 
1 suitable for use at high frequencies can be obtained. In addition, insulating ceramic 
layers 3a and 3b are satisfacto.r>- in mechanical strength, and the resulting multilayer 
ceramic module 1 is also satisfactory in mechanical strength. 

Multilayer ceramic substrate 2 can be easily obtained by known techniques for 
monolithically firing ceramic laminates. Specifically, ceramic green sheets mainly 
containing insulating ceramic materials according to the present invention are initially 
prepared, electrode patterns are printed for constituting, for example, inner electrode 
5, outer wiring and via-hole electrode 6 and 6a, and the patterned ceramic green sheets 
are laminated. An appropriate number of plies of the patterned ceramic green sheets 
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for the formation of the outer wiring and via-hole electrodes 6 and 6a are laminated 
onto a ceramic green sheet, on the top and under sides of which insulating ceramic 
layers 3a and 3b are to be formed. The resulting laminate is then pressurized in a 
thickness direction. The thus-prepared laminate is fired to thereby easily yield 
multilayer ceramic substrate 2. 

In laminated capacitor units CI and C2. a highly dielectric insulating ceramic 
layer is sandwiched between inner electrodes 5,5 which are adjacent to each other in a 
thickness direction for yielding a capacitance, and such inner electrodes having 
relatively small areas can yield a large capacitance and the resulting device can be 
further miniaturized. 

Figs. 5 to 7 are respectively an exploded perspective view, an external 
perspective view and a circuit diagram showing a laminated ceramic electronic part as 
a second conftgurational embodiment of the present invention. 

Laminated ceramic electronic part 20 according to this embodiment shown in 
Fig. 6 is an LC filter including sintered ceramic 21 , and a circuit formed inside 
sintered ceramic 2 1 . The circuit constitutes an inductance L and a capacitance C as 
described below. Sintered ceramic 21 is composed by the use of the invented 
insulating ceramic. Outer electrodes 23a. 23b, 24a 24b are formed on an outer surface 
of the sintered ceramic 21, and an LC resonant circuit shown in Fig. 7 is formed 
between outer electrodes 23a, 23b, 24a arid 24b. 

The configuration of sintered ceramic 21 will be illustrated in further detail by 
showing a manufacturing process thereof with reference to Fig. 5. 

Initially, an organic vehicle is added to insulating ceramic materials according 
to the present invention to yield a ceramic slurry. The ceramic slurry is molded by an 
appropriate sheet molding technique to yield a ceramic green sheet. The prepared 
ceramic green sheet is dried and is punched to a given size to yield rectangular 
ceramic green sheets 21a through 21m. 
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Nexi, a via hole for the formation of via hole electrode 28 is formed on 
ceramic green sheets 21a through 21m according to necessity. Further, a conductive 
paste is primed according to a screen process to form coil conductors 26a and 26b, 
capacitor inner electrodes 27a to 27c, and coil conductors 26c and 26d, and the via 
hole for \ ia hole 28 is filled with the conductive paste to thereby form via hole 
electrode 28. 

Subsequently, the ceramic green sheets are laminated in a direction shown in 
the figure, and are pressurized in a thickness direction to yield a laminate. 
The resulting laminate is fired to yield sintered ceramic 2 1 . 
Outer electrodes 23a to 24b are formed on above-prepared sintered ceramic 2 1 
as shown in Fig. 6 by. for example, techniques for the formation of thin films such as 
application and baking of conductive pastes, vapor deposition, plating or sputtering. 
Thus, laminated ceramic electronic part 20 is obtained. 

As is apparent from Fig. 5. the coil conductors 26a and 26b constitute an 
inductance unit L L and the coil conductors 26c and 26d constitute an inductance unit 
L2. and the inner electrodes 27a to 27c constitute a capacitor C shown in Fig. 7. 

The LC filter in laminated ceramic electronic part 20 according to the present 
embodiment has the aforementioned configuration. Sintered ceramic 21 is composed 
of the invented insulating ceramic and can therefore be obtained by firing at low- 
temperatures as in multilayer ceramic substrate 2 according to the first embodiment. 
Accordingly, the ceramic can be monolithically fired with copper, silver, gold and 
other low-melting metals as coil conductors 26a to 26c as inner electrodes and 
capacitor inner electrodes 27a to 27c. In addition, the resulting LC filter has a high 
relative dielectric constant and a high Q-value at high frequencies and is hence 
suitable for use at high frequencies. Furthermore, the insulating ceramic is high in 
mechanical strength, and the resulting LC filter is satisfactory also in mechanical 
strength. 

The invented insulating ceramic is prepared by mixing and firing MgO- 
MgALOj ceramic and a borosilicate glass, in which a MgAl204 cr>'stal phase and at 
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least one of Mg3B,0. and Mg.BiO, crystal phases are deposited as major crystal 
phases. The insulating ceramic can be obtained by firing at low temperatures of 
1000°C or less and therefore has a high Q-value and satisfactory mechanical strengths. 
The ceramic can therefore be sintered in conjunction with Cu. Ag and other low- 
resistance low-cost metals, and these metals can be used as materials for iqner 
electrodes in multilayer ceramic substrates and laminated ceramic electronic parts. 
Thus, the invented msulating ceramic can provide multilayer ceramic substrates and 
laminated ceramic electronic parts which have a high mechanical strength, a high Q- 
value and are available at low cost. 

When the boros.licate glass includes boron oxide, silicon oxide, magnesium 
oxide and an alkali metal oxide, the MgAl204 crystal phase and MgjBzOe crystal 
phase and/or Mg.B.O. crs stal phases can be more reliably deposited as major cr>'stal 
phases to thereby yield a high Q-value. 

An insulating ceramic having a high mechanical strength and a high Q-value 
can be further stably obtained when the borosilicate glass includes boron oxide, 
silicon ox.de. magnesium oxide and an alkali metal oxide in the above specified 
proportions. 

The borosilicate glass has an increased chemical stability and the invented 
insulating ceramic can be more stably obtained by firing at low temperatures of 
1000°C or less when the borosilicate glass includes about 20% by weight or less of 
aluminium oxide. 

The glass has a decreased fusing temperature to thereby yield an insulating 
ceramic which can be obtained by firing at lower temperatures when the borosilicate 
glass containing about 30% by weight or less of zinc oxide. 

The borosilicate glass, if it includes about 10% by weight or less of copper 
oxide, can provide the invented insulating ceramic by firing at lower temperatures 
without deterioration in Q-value. 
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When the weight ratio of the iVIgO-iVlgAhOj ceramic to the borosilicate glass 
is in a range from about 20:80 to 80:20. the resuhing insulating ceramic can have a 
high Q-value and can become sufficiently dense by firing at low temperatures of 
IOOO°C or less. 

The insulating ceramic can become sufficiently dense by firing at low 
temperatures of 1000°C or less when the Mg0-iVIgAl2O4 ceramic is represented by 
xMgO-yMgAljO., wherein x is about 10 to QO and y is about 10 to 90. Thus, the 
insulating ceramic can be obtained by firing without requiring excess amounts of the 
glass and can surely exhibit a high Q-value. 

The insulating ceramic has a satisfactor^• sinterability and a high reliability 
when about 5 to. 80% by weight of MgANO, cr>'stal phase, and about 5 to 70% by 
weight of .Mg.iBjOf, crystal phase and/or !Vlg,B:05 crv'stal phase are deposited in the 
invented insulating ceramic 

The invented multilayer ceramic substrate includes a ceramic plate containing 
an insulating ceramic layer composed of the invented insulating ceramic and can be 
obtained by firing at low temperatures and can employ Ag. Cu and other low- 
resistance low-cost metals as materials for inner electrodes. In addition, the insulating 
ceramic layer is high in mechanical strength and has a high Q-value and can yield a 
multilayer ceramic substrate suitable for u.se at high frequencies. 

The present invention is illustrated with reference to the first and second 
configurational embodiments by taking multilayer ceramic module I and laminated 
ceramic electronic part 20 constituting an LC filter as example. However, the 
invented ceramic electronic part and laminated ceramic electronic part should not be 
limited to these configurations. Specifically, the invention can be applied to 
multilayer ceramic substrates for multi-chip modules, multilayer ceramic substrates 
for hybrid integrated circuits (hybrid ICs), and other various multilayer ceramic 
substrates, and to various ceramic electronic parts including electronic part devices 
mounted on these multilayer ceramic substrates, as well as to chip-type laminated 
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capacitors, chip-type laminated dielectric antennas, and other various chip-type 
laminated electronic parts. 

When the multilayer ceramic substrate further comprises a second ceramic 
layer laminated to at least one side of the insulating ceramic layer and the second 
ceramic layer has a higher dielectric constant than the insulating ceramic layer, the 
strength and resistance to environmental conditions can be appropriately controlled 
according to necessity by modifying the composition and the form of lamination of the 

second ceramic layer. 

The invented insulating ceramic has a lower dielectric constant and a higher 
Q-value and is suitable for use at high frequencies when a plurality of inner electrodes 
are laminated via at least part of the insulating ceramic layer to thereby constitute a 

laminated capacitor. 

In addition, the invented insulating ceramic is high in mechanical strength and 
can yield a laminated capacitor having satisfactory mechanical strengths. 

When the plurality of inner electrodes include a plurality of inner electrodes 
constituting a laminated capacitor, and a plurality of coil conductors connected to each 
other to thereby constitute a laminated inductor, a miniaturized LC resonant circuit 
suitable for use at high frequencies can be easily obtained, as the invented insulating 
ceramic has a low dielectric constant and exhibits a high Q-value at high frequencies 
and is high in mechanical strength. 

The invented ceramic electronic part including at least one electronic part 
device laminated on the invented multilayer ceramic substrate can yield various 
miniaturized ceramic electronic parts suitable for use at high frequencies, by using the 
electronic part device and a circuitty in the multilayer ceramic substrate. 

When a cap is fixed on the multilayer ceramic substrate so as to surround the 
electronic part device, the cap can protect the electronic part device and the resulting 
ceramic electronic part is satisfactor>' in moisture resistance and other properties. 
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The use of a conductive cap as the cap can electromagnetically shield the 
surrounded electronic pan device. 

• The multilayer ceramic substrate can be easily moutited on the surface of a 
printed circuit board from the underside of the multilayer ceramic substrate when 
outer electrodes are only formed on the underside of the multilayer ceramic substrate. 

The invemed laminated ceramic electronic part includes a plurality of inner 
electrodes formed inside the mvented msulating ceramic and can be obtained by finng 
at low temperatures and can employ Ag. Cu and other low-resistance low-cost metals 
as materials for inner electrodes. In addition, the insulating ceramic has a low 
dielectric constant and a h,gh Q-value to thereby y.eld a laminated capacitor suitable 
for use at high frequences. The msulating ceramic is high in mechan.cal strength and 
can constitute a laminated capacor havmg satisfactor>' mechanical strengths. 

The invented laminated ceramic electronic part is suitable for use at high 
frequencies when the plurality of inner electrodes constitute a laminate capacitor, as 
the in^■ented insulating ceramic has a low dielectric constant and a high Q-value. 

The invented laminated ceramic electronic part can easily constitute a 
miniaturized LC resonant circuit wh.ch has a high mechanical strength and is suitable 
for use at high frequencie.s when the plurality of inner electrodes include imier 
electrodes constituting a laminated capacitor, and coil conductors constituting a 
lammated inductor. This ,s because the invented insulating ceramic is high in 
mechanical strength and has a low dielectric constant and a high Q-value at high 
frequencies as described above. 

Other embodiments and variations will be obvious to those skilled in the art, 
and this invention is not to be limited to the specific matters stated above. 
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1 . An insulating ceramic comprising a fired mixture of a MgO-MgAl.O* 
ceramic and a borosilicaie glass, in which fired mixture a MgAl204 crystal phase and 
at least one of a MgiB,06 crystal phase and a MgzBjOs crystal phase are tlje major 
crystal phases. 

2. An insulating ceramic according to claim 1 . wherein said borosilicate 
glass comprises boron oxide, silicon oxide, magnesium oxide and an alkali metal 
oxide. 



J. 



An insulating ceramic according to claim 2. wherein said borosilicate 
glass comprises about 1 5 to 65% by weight of boron oxide in terms of B2O3, about 8 
to 50% by weight of silicon oxide in terms of SiOz, about 10 to 45% by weight of 
magnesium oxide in terms of MgO, and 0 to about 20% by weight of an alkali metal 
oxide in terms of an oxide. 

4. An insulating ceramic according to claim 3. wherein said borosilicate 
glass further comprises about 20% by weight or less of aluminium oxide. 

5. An insulating ceramic according to claim 3, wherein said borosilicate 
glass further comprises about 30% by weight or less of zinc oxide. 

6. An insulating ceramic according to claim 3. wherein said borosilicate 
glass further comprises about 10% by weight or less of copper oxide. 

7. An insulating ceramic according to claim I. comprising said MgO- 
MgAl204 ceramic and said borosilicate glass are in weight ratio from about 20:80 to 
80:20. 
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S. An insiilaiing ceramic according to ciaini 1. wherein said MgO- 
MgAl204 ceramic is represented by xMgO-yMgAhO^ where x and y are weight and 
respectively satisfy ]0<x<90: 10<y<90; and x-Hy=100. 

9. An insulating ceramic according to claim I . wherein about p to 80% by 
weight of iVIgANO j crystal phase, and about 5 to 70% by weight of at least one of 
!Vlg3B206 and Mg2B20,^ crystal phases are present. 

10, - An insulating ceramic according to claim 9. wherein said MgO- 
MgAl20-4 ceramic is about 20-80 weight percent of the fired mixture and is 
represented by xMgO-yMgAhO^ in which x and y are weight and 1 0<x<90. 10<y<90 
and x+y=]00: and w herein said borosilicate glass comprises about 15 to 65% by 
weight of boron oxide in terms of about 8 to 50% by weight of silicon oxide in 
terms of SiOi. about 10 to 45% by weight of magnesium oxide in terms of MgO. 0 to 
about 20% by weight of an alkali metal oxide in terms of an oxide, about 20% by 
weight or less of aluminium oxide, about 30%o by weight or less of zinc oxide and 
about 10%o by weight or less of copper oxide: 

1 1. A multilayer ceramic substrate comprising: . 

a ceramic plate comprising an insulating ceramic layer of the insulating 
ceramic according to claim 1 ; and 

a plurality of inner electrodes in the insulating ceramic layer of said 

ceramic plate. 



1 2. A multilayer ceramic substrate according to claim 1 1 , having a second 
ceramic layer of a higher dielectric constant than said insulating ceramic layer 
laminated on at least one side of said insulatmg ceramic laver. 



13. A multilayer ceramic substrate according to claim 1 2, wherein said 
plurality of inner electrodes are laminated with each other such that at least part of 
said insulating ceramic layer is disposed between a pair of said inner electrodes to 
thereby form a laminated capacitor. 

14. A multilayer ceramic substrate according to claim 1 3, wherein said 
plurality of inner electrodes additionally comprise coil conductors, and said coil 
conductors are connected to each other to thereby constitute a laminated inductor. 

15. A ceramic electronic part comprising: 

the multilayer ceramic substrate according to claim 12; and 
at least one electronic device on said multilayer ceramic substrate and 
forming a circuit with said plurality of inner electrodes. 

1 6. A ceramic electronic part according to claim 1 5 further comprising a 
cap fixed on said multilayer ceramic substrate so as to surround said electronic part 
device. 

17. A ceramic electronic part according to claim 16, wherein said cap is a 
conductive cap. 

1 8. A ceramic electronic part according to claim 1 5, further comprising: 
a plurality of outer electrodes disposed on only one side of said 

multilayer ceramic substrate; and 

a plurality of through-hole conductors in said substrate electrically 
connected to said outer electrodes and electrically connected to said inner electrode or 

said electronic device. 
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A laminated ceramic electronic part comprising: 

a sintered ceramic comprising the insulating ceramic according to 



claim I: 



a piuraiity of inner electrodes arrayed inside said sintered ceramic; and 
a plurality of'outer electrodes on an outer surface of said sintered 
ceramic and being electrically connected to at least one of said inner electrodes. 

20. A laminated ceramic electronic part according to claim 19 wherein said 
plurality of inner electrodes are arrayed to overlap each other with at least a part of a 
ceramic layer therebetween, to thereby constitute a capacitor unit. 

21. 'A laminated ceramic electronic part according to claim 20. wherein 
said plurality of inner electrodes further comprises a plurality of coil conductors 
connected to each other to thereby constitute a laminated inductor unit. 

22. An insulating ceramic electronic part substantially as hereinbefore 
described with reference to the accompanying drawincs. 
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